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     INTRODUCTION 

 Developing countries, especially in Africa, have a dispro-
portionate burden of global childhood mortality caused by 
infectious diseases. 1  Invasive bacterial infections are major con-
tributors to this excess mortality among children. 2,  3  Non-typhi 
 Salmonella  (NTS),  Streptococcus pneumoniae ,  Staphylococcus 
aureus, Escherichia coli , and  Haemophilus influenzae  have 
been consistently described as the principal bacteremia etiolo-
gies among children in sub-Saharan Africa. 2–  6  

 There is a growing concern regarding management 
of community-acquired infections in Africa because of 
increas ing prevalence of resistance to the most commonly 
antibiotics used in these settings, and the emergence of 
multidrug-resistant strains. 6–  11  Factors such as indiscriminate 
use of antibiotics as growth promoters in veterinary medicine, 
antibiotic dispensation without prescription, or incomplete 
compliance to prescribed duration of treatment are among the 
major contributors for the global increase of resistance. Intrinsic 
factors related to the appearance of antimicrobial drug resis-
tance also take into account diverse molecular mechanisms of 
resistance, including the presence of plasmids or integrons car-
rying genetic determinants of resistance. 12–  15  However, data for 
antimicrobial resistance, especially regarding trends, remain 
scarce throughout sub-Saharan African settings. 8–  10  

 In Mozambique, microbiology facilities are scarce and as a 
consequence, antibiotic therapy is mostly empirical. Empirical 
treatment in inpatients in Manhiça District Hospital fol-
lows Mozambican National guidelines and includes paren-
teral chloramphenicol or the combination of penicillin plus 
chloramphenicol for children greater than two months of 
age, or the combination of ampicillin plus gentamicin among 
younger children (< 2 months of age) or severely malnour-
ished children. When  in vitro  susceptibility data are available, 

empirical treatment is re-assessed and changed when nec-
essary, and ceftriaxone, when available, is used in cases of 
multidrug-resistance. However, there little data are available 
to monitor antibiotic resistance 16–  19  and support national treat-
ment guidelines. Within a large prospective study designed to 
characterize the etiology of bacteremia in children admitted to 
a rural district hospital, 3  we have been able to monitor antibi-
otic resistance over a five-year period. We analyzed the anti-
microbial susceptibility patterns of bloodstream isolates and 
their time trends for the five most frequent etiologies of bac-
teremia found in this setting. 

   MATERIALS AND METHODS 

  Study site and population.   The study was conducted at the 
Manhiça District Hospital, a 110-bed referral health facility 
for Manhiça District, a rural area located 80 km north of 
Maputo Province in southern Mozambique. The climate of 
the area is sub-tropical with two distinct seasons: a warm and 
rainy season from November through April and a cool and dry 
season during the rest of the year. The district has an estimated 
population of 140,000 inhabitants. The Manhiça district is 
located at 25°24′S, 32°48′E and has an average altitude of 
50 meters above mean sea level. A full description of the 
geographic and socio-demographic characteristics of the study 
community has been reported elsewhere. 20  

   Laboratory procedures.   Antimicrobial susceptibility of 
bacteremia isolates from children less than 15 years of age 
admitted to the Manhiça District Hospital during May 2001–
April 2006 were analyzed. Blood cultures were performed 
upon admission for all children less than two years of age and 
for children 2–14 years of age with axillary temperatures ≥ 
39°C or with any sign of clinical severity and processed for 
bacterial isolation as detailed elsewhere. 3  

 Antimicrobial susceptibility testing was performed by stan-
dard disk diffusion methods to trimethoprim/sulfamethoxazole 
(1.25/23.75 μg), chloramphenicol (30 μg), oxacillin (1 μg), 
peni cillin (10 μg), ampicillin (10 μg), gentamicin (10 μg), and 
erythromycin (15 μg) (Mast Group, Ltd., Merseyside, United 
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Kingdom). Interpretation of resistance categories for isolates 
was done according to the Clinical and Laboratory Standard 
Institute (CLSI) guidelines. 21  For oxacillin-resistant  S. pneumo-
niae  strains, penicillin minimum inhibitory concentrations were 
determined using E-test strips (AB Biodisk, Solna, Sweden). 
The NTS and  E. coli  isolates were also tested for resistance 
to nalidixic acid (30 μg), ceftriaxone (30 μg), ciprofloxacin 
(5 μg), and amoxicillin/clavulanic acid (20/10 μg). Additionally, 
phenotypic methicillin-resistant  S. aureus  (  MRSA) were deter-
mined by oxacillin disk and cefoxitin disk and tested for 
resistance to vancomycin.  Escherichia coli  (ATCC 25922) and 
 S. aureus  (ATCC 25923) strains were used as internal quality 
control for assessing the adequacy of antibiotic disks. 

   Definitions.   Multidrug resistance was defined as complete 
resistance to two or more unrelated antimicrobial agents. We 
considered non-susceptible isolates those with intermediate or 
full resistance. 

   Statistical analysis.   Data were double-entered into a FoxPro 
database by using visual FoxPro version 2.6 (Microsoft 
Corp., Redmond, WA). The two entries were compared and 
discrepancies were resolved by referring to the original forms. 
Statistical analysis was performed by using STATA software 
version 9.0 (Stata Corp., College Station, TX). Proportions 
were compared using the chi-square test or Fisher’s exact test 
as appropriate.  P  values < 0.05 were considered significant. 
Antimicrobial resistance trends for the most frequent etiology 
of bacteremia over the years of surveillance were analyzed by 
using the chi-square test for trend. 

    RESULTS 

  Antimicrobial drug susceptibility.   Over the five-year 
study period, 19,896 blood cultures were collected from 23,686 
admitted children less than 15 years of age and bloodstream 
episodes confirmed in 8%. 3  These isolates were tested for 
antibiotic susceptibility. The proportion of non-susceptible 
isolates to the antibiotics commonly used in this setting is 
shown in  Table 1 . 

      The NTS isolates showed a high rate of non-susceptible 
isolates to ampicillin, chloramphenicol, trimethoprim-sul-
famethoxazole, but only 3% (8 of 307) of the isolates were 
non-susceptible to nalidixic acid and all were susceptible to 
ciprofloxacin (0 of 307) or ceftriaxone (0 of 48).  Salmonella  

Typhi, an uncommon bacteria in Manhiça (only threes iso-
lates), was in all cases susceptible to all antibiotics tested. 
Eleven percent (17 of 148) of  E. coli  isolates showed resis-
tance to nalidixic acid and despite the few isolates tested, no 
resistance was observed to ceftriaxone (0 of 18). Eight per-
cent (14 of 176) of  S. aureus  isolates were fully resistant to 
oxacillin and one isolate (1%, 1 of 176) showed intermediate 
resistance. However, all of these isolates were susceptible to 
vancomycin.  Streptococcus pneumoniae  isolates were highly 
susceptible to penicillin and chloramphenicol, but a high 
prevalence of resistance was found to trimethoprim/sulfame-
thoxazole. Resistance among  H. influenzae  was high (≥ 46%, 
51 of 111) for ampicillin, chloramphenicol, or trimethoprim/
sulfamethoxazole. 

   Multidrug resistance and antibiotic combinations.   Multi-
drug resistance was observed among 92% (142 of 155) 
of  E. coli  isolates, 67% (265 of 396) of NTS, 50% (56 of 111) of 
 H. influenzae,  43% (81 of 188) of  S. aureus , and 5% (20 of 386) 
of  S. pneumoniae . Resistance to the most commonly used 
combination of ampicillin/gentamicin was high among  E. coli  
isolates (29%, 42 of 147) and NTS (16%, 61 of 387). Furthermore, 
20% (30 of 148) of  E. coli  isolates showed intermediate 
resistance to amoxicillin/clavulanic acid. Resistance to amox-
icillin/clavulanic acid was 38% (113 of 297), with almost 20% of 
NTS isolates showing intermediate resistance. 

 We also evaluated antimicrobial resistance to chloramphen-
icol and different combinations of antibiotics according to the 
clinical syndromes (pneumonia, meningitis, acute gastroen-
teritis) that define, when present, empirical treatment upon 
admission ( Table 2 ). A high frequency of non-susceptibility to 
chloramphenicol among the different clinical diagnoses was 
found, ranging from 32% (for meningitis) to 51% (for acute 
gastroenteritis). The level of resistance to ampicillin/gentami-
cin was approximately 16% for the syndromes analyzed, and 
the proportion of non-susceptibility to the combination of 
penicillin/gentamicin was 7% for meningitis diagnoses. 

        Trends of antimicrobial drug resistance.   Trends of anti-
microbial resistance over the five years of surveillance for the 
five most frequent bacteremia-causing isolates were evaluated. 
The trends of resistance to chloramphenicol, trimethoprim/
sulfamethoxazole, and ampicillin for the five most frequent 
etiologies of bacteremia are shown in  Figures 1  and  2 . For 
chloramphenicol, a linear trend of increasing resistance was 

 T able  1 
  Frequencies of non-susceptible isolates to the most commonly used antibiotics, Mozambique *   

Isolate Ampicillin, n/N (%) Chloramphenicol, n/N (%) Cotrimoxazole, n/N (%) Gentamicin, n/N (%) Erythromycin, n/N (%) Penicillin, n/N (%)

NTS 294/395 (74) 215/393 (55) 257/390 (66) 62/387 (16) NA NA
 Streptococcus pneumoniae 37/326 (11) 28/384 (7) 158/360 (44) NA 7/376 (2) 37/326 (11)
 Staphylococcus aureus 163/182 (90) 69/186 (37) 55/177 (31) 10/182 (5) 63/180 (35) 163/182 (90)
 Escherichia coli 148/154 (96) 121/155 (78) 127/141 (90) 42/148 (28) NA NA
 Haemophilus influenzae 51/111 (46) 55/109 (50) 77/100 (77) 12/107 (11) NA NA
 S. pyogenes 0/38 (0) 2/37 (5) 6/36 (17) 18/35 (51) 2/35 (6) 0/38 (0)
Group D  Streptococcus 2/35 (6) 20/36 (56) 12/34 (35) 30/36 (83) 22/36 (61) 3/33 (9)
 S. agalactiae 0/35 (0) 10/35 (29) 5/34 (15) 33/33 (100) 11/34 (32) 0/35 (0)
NF GNB oxidase positive 25/33 (76) 21/33 (64) 23/33 (70) 8/32 (25) NA NA
NF GNB oxidase negative 18/32 (56) 16/31 (52) 27/32 (84) 5/31 (16) NA NA
 Enterobacter  spp. 18/20 (90) 7/20 (35) 4/20 (20) 2/18 (11) NA NA
 Neisseria  spp. 0/9 (0) 0/12 (0) 3/11 (27) 0/9 (0) NA 0/12 (0)
Other  Enterobacteria 7/13 (54) 11/13 (85) 7/12 (58) 0/12 (0) NA NA
 Klebsiella  spp. 12/12 (100) 6/11 (55) 7/10 (70) 2/11 (18) NA NA
 Pseudomonas  spp. 8/10 (80) 6/10 (60) 7/10 (70) 0/10 (0) NA NA

  *   n = number of isolates non-susceptible (intermediate or full resistance); N = total number of isolates tested; NTS = Non-typhi  Salmonella ; NA = not applicable; NF GNB = non-fermenting 
Gram-negative bacilli.  
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found among NTS (from 26% to 63%;  P  < 0.001),  S. aureus  
(from 16% to 35%;  P  < 0.001),  E. coli  (from 62% to 92%; 
 P  = 0.002), and  H. influenzae  (from 10% to 94%;  P  < 0.001). 
For trimethoprim/sulfamethoxazole, a linear trend was also 
observed among  S. pneumoniae  (from 33% to 54%,  P  < 0.001), 
 S. aureus  (from 22% to 42%,  P  = 0.002), and  H. influenzae  
(from 57% to 95%;  P  = 0.005). For ampicillin, an increase 
in resistance was high (from 19% to 75%;  P  < 0.001) among 
 H. influenzae . 

      DISCUSSION 

 This report presents the first set of data regarding current 
levels and time trends of antibiotic resistance of the most com-
monly isolated bacteria from children admitted to a rural hospi-
tal in Mozambique. Data generated in this study show that the 
most available and inexpensive antibiotics commonly used in 

the area as empirical therapies for invasive bacterial infections 
have limited  in vitro  activity against the most frequent etiolo-
gies of bacteremia. Although tested in a small number of iso-
lates, quinolones and ceftriaxone remain effective. Therefore, 
on the basis of our data, oral ciprofloxacin, now within rea-
sonable costs, could constitute a good alternative for treat-
ment of patients with invasive bacterial infections. However, 
resistance should be monitored because nalidixic acid–resis-
tant  E. coli  strains were found in the present study and may 
predict future resistance to ciprofloxacin. 22–  24  Although fluo-
roquinolones have recently been demonstrated to be safe in 
children, 25  they are rarely used in Mozambique. Use of third-
generation cephalosporins, which appear to be an alternative 
for severe invasive disease and in children with infected with 
human immunodeficiency virus (HIV) or malnutrition in sub-
Saharan Africa 2,  4,  26  is limited by its high cost in countries such 
as Mozambique. 

 T able  2 
  Frequencies of non-susceptibility to chloramphenicol and combinations of antibiotics according to gram stain and four common clinical syndromes, 

Mozambique *   
Clinical diagnosis Chloramphenicol, n/N (%) Ampicillin plus gentamicin, n/N (%) Penicillin plus gentamicin, n/N (%) Chloramphenicol plus ampicillin, n/N (%)

Pneumonia 185/529 (35) 70/512 (14) 28/253 (11) 150/511 (29)
Meningitis 15/47 (32) 7/43 (16) 2/28 (7) 11/43 (26)
Acute gastroenteritis 80/161 (51) 22/158 (14) – 74/157 (47)

  *   n = number of isolates non-susceptible (intermediate or full resistance); N = total number of isolates tested.  

 F igure  1.    Proportion of non-susceptible isolates of the five most frequent agents of bacteremia over a five-year period (May 2001–April 2006) 
to  A , chloramphenicol,  B , trimethoprim-sulfamethoxazole, and  C , ampicillin, Mozambique.    
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 Factors such as incomplete compliance with antibiotic ther-
apy, which is a well-known determinant of resistance in devel-
oping countries 14,  15  and is thought to be common in the area; 
molecular mechanisms of resistance or the presence of genetic 
elements such as plasmids or integrons; 12,  13  and migration, par-
ticularly to South Africa, which is common in this commu-
nity, 27  may contribute to global high global level of resistance 
found in this study. 

 Rates of resistance for specific pathogens reported here 
are comparable to rates in other studies in sub-Saharan 
Africa. 6,  9,  10,  13  The proportion of  S. aureus  isolates resistant to 
oxacillin is of concern because vancomycin is not available 
in the study area. The proportion of MRSA in this study was 
almost double than that previously reported in the country, 18  
but lower than those reported from South Africa. 28,  29  MRSA 
isolates usually arise from nosocomial infections, and often 
are associated with high mortality, 30  but community-acquired 
MRSA has also been reported elsewhere. 18,  31  However, the 
origin of MRSA in our study is not clear because 5 of the 
14 children with MRSA were from the demographic surveil-
lance area, and records obtained through the morbidity sur-
veillance system confirm that they had been admitted to the 
hospital at least once in the preceding four weeks, which sug-
gests that these MRSA may be nosocomial. 

 One of the study limitations is that we have been unable to 
quantify the precise number of patients treated with inade-
quate antibiotics and their associated outcome because of lack 
of complete information on the number of doses of antibiotics 
given to a child and changes in antibiotics. 

 We also demonstrated trends of increasing resistance for 
the most frequent etiologies of bacteremia for chlorampheni-
col, which may be explained by its widespread use as empirical 
treatment among admitted children, leading to a high anti-
biotic pressure. The trend of resistance found for trimethop-
rim/sulfamethoxazole may be a legacy of its indiscriminate 
use in the past and also linked to common use for malaria 
treatment of sulfadoxine-pyrimetamine, a related antimi-
crobial drug that has been demonstrated to show produce 
cross-resistance. Furthermore, the prevalent mechanisms of 
trimethoprim resistance are located in the same genetic struc-
tures conferring resistance to other antibiotics used in the 
area. 32  Currently, trimethoprim/sulfamethoxazole is reserved 
for HIV-related opportunistic infection prophylaxis among 
HIV-infected patients. Our study is one of the few studies that 
have demonstrated the trend of antimicrobial resistance to the 
most commonly used and inexpensive antibiotics in develop-
ing countries for the most frequent etiologies of bacteremia in 
sub-Saharan Africa. 8,  10    

 F igure  2.    Estimated and predicted proportions of non-susceptibility of the five most frequent agents of bacteremia over a five-year period to 
 A , chloramphenicol,  B , trimethoprim-sulfamethoxazole, and  C , ampicillin, Mozambique.    
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 In summary, our study suggests a trend of increasing antimi-
crobial drug resistance for the most commonly used antibiot-
ics for empirical therapy, and quinolones and third-generation 
cephalosporins may be needed in the short term to manage 
community-acquired infections at the study site. Although the 
re-assessment of current national guidelines for antibiotic use 
is now crucial, bacterial surveillance systems should be imple-
mented in other areas of the country to provide data on the 
etiology and prevailing antimicrobial drug resistance patterns 
of community-acquired agents causing bacteremia. 

 Received September 24, 2009. Accepted for publication February 23, 
2010. 
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